chamber at 33 ± 1 ºC with 65 ± 5% RH (by using saturated salt solution) and a photoperiod of 1 0 2 14:10 (L:D) h, as described by Nouri-Ganbalani and Borzoui (2017) . Beetles were raised from egg to the fourth instar in translucent plastic containers (diameter 15 1 0 5 cm, depth 6 cm) with a hole covered by a 50 mesh net for ventilation, containing broken wheat 1 0 6 seeds. T. granarium 4 th instar larvae were divided into four groups: warm-acclimated as control 1 0 7 (WA), cold-acclimated (CA), fluctuating-acclimated (FA) and rapid cold-hardened (RCH). For and kept in standard rearing conditions. For CA treatment, one hundred individuals were put in a 1 1 0 translucent plastic cups containing food, cooled in a programmable refrigerator from rearing 1 1 1 conditions to 15 ºC at a rate of 0.5 °C min − 1 and kept at this temperature at 65 ± 5% RH with a 1 1 2 14:10 h (L:D) light cycle for the 10 days. Thereafter, the temperature was lowered to 5 ºC at the 1 1 3 same rate and the larvae were kept at this temperature at 65 ± 5% RH with a 14:10 h (L:D) light 1 1 4 cycle for the 10 days. For FA treatment, one hundred individuals were put in a translucent plastic 1 1 5 cups containing food, cooled in a programmable refrigerator from rearing conditions as 1 1 6 explained in the cycle: 240 min at 5 °C followed by 20 min at -10 °C followed by 240 min at 5 1 1 7 °C followed by 940 min at 33 °C, at 65 ± 5% RH with a 14:10 h (L:D) light cycle. This cycle 1 1 8 repeated 10 consecutive days. For RCH treatment, the larvae were transferred from their rearing 1 1 9 conditions to a programmable refrigerator at 0 ºC for four hours. After the treatment period, 1 2 0 survived larvae were used for subsequent experiments. The larvae able to walk were counted as 1 2 1 alive, and larvae that were either not showing any movement in their appendages or moving but 1 2 2 unable to walk were counted as dead. The whole body of acclimated larvae of T. granarium was used; it was not feasible to separate 1 2 5 out individual tissues. For all enzymes, activities were expressed as Unit per gram wet mass. Assays were repeated five times. APK. Individuals were rapidly weighed and homogenized 1:10 (w/v), with a few crystals of 1 2 8 phenylmethylsulfonyl fluoride (PMSF) added, using a pre-cooled homogenizer (Teflon pestle) in ice-cold potassium phosphate buffer (20mM; pH 6.8), X-mercaptoethanol (15mM) and EDTA 1 3 0 (2mM). The homogenates were centrifuged at 13000 g for 3 min (5 °C). Following 1 3 1 centrifugation, the supernatant was pooled and stored on ice for subsequent use. The activity of 1 3 2 8 APK was assayed by the procedure of Pfister and Storey (2002a) . In brief, 32 P from 32 P-ATP was 1 3 3 incorporated onto Kemptide (LRRASLG), a synthetic phosphate-accepting peptide, in the 1 3 4 presence of 0.1mM adenosine 30,50-cyclic monophosphate. One unit of APK activity is defined 1 3 5 as the amount of enzyme required to catalyze the incorporation of 1 nmol 32 P onto the substrate 1 3 6 per minute at 23 °C. PP2. Individuals were extracted as for PP1 except for a 1:10 (w/v) dilution. The homogenates 1 4 8 were centrifuged at 13000 g for 20min (5 °C). Following centrifugation, the supernatant was 1 4 9 carefully collected and desalted by centrifugation at low-speed for 1min (at room temperature) 1 5 0 through 5 ml Sephadex G-25 columns equilibrated in ice-cold Buffer A. The eluant was 1 5 1 collected, passed through a second, fresh column and stored on ice for subsequent use. The was measured as the difference in activity in the presence (blank) versus absence of okadaic acid 1 5 4 (2.5 nM). To assess the PP2A activity, the reaction mixture containing peptide RRA(pT)VA (150 1 5 5 mM), EGTA (0.2 mM), X-mercaptoethanol (0.02%), and imidazole (50 mM), pH 7.2, and 10 µl 1 5 6 of enzyme extract was incubated for 40 min. The reaction was terminated by adding 50 ml of 1 5 7 malachite green dye solution [ammonium molybdate (10%) and malachite green dye (2%), both 1 5 8 in HCl (4 N) mixed 1:3 v/v and diluted 2:3 v/v with distilled, deionized water, Tween 20 (0.05%) 1 5 9
and Triton-X-100(0.05%)] (Ekman and Jaeger, 1993). Reactions were run in 96-well microplates 1 6 0 and the absorbance was read at 595 nm. Appropriate blanks, which TCA had been added prior to 1 6 1 the substrate, were prepared for each treatment. The activity of PP2C was assayed at the same 1 6 2 except for the presence of okadaic acid (2.5 nM) and incubation of the reaction mixture for 90 1 6 3 min; PP2C was detected as the difference in activity in the absence versus presence of MgCl 2 (10 Ion concentrations were measured in the hemolymph (n = 5) as previously described by (and weighed, to estimate volume) using a micropipette from an incision made at the coxal joint 1 7 1 of a hind leg while applying gentle pressure to the abdomen to allow the hemolymph to flow into 1 7 2 the tube. Then, the hemolymph was transferred to a 0.5 ml Eppendorf tube, which was placed in pipette to a 2 ml buffer solution containing 100 ppm lithium salt. After the preparation described Whole-body glycogen and sugar alcohols quantification
The whole-body glycogen and polyol profiles of acclimated larvae of T. granarium were Glycogen. The glycogen content of the larvae was estimated using modified anthrone method as homogenates were centrifuged for 10 min at 7150 g and the supernatant was removed. The pellet 1 8 8
was washed in 400 μ l of 80% methanol and 250 μ l distilled water was added before the heating 1 8 9
for 5 min at 70 °C. Subsequently, 200 μ l of the solution was incubated with 1 ml of anthrone for 1 9 0 10 min at 90 °C. After cooling at room temperature, the absorbance of the solution was measured 1 9 1 at 630 nm. The glycogen content was determined by comparison to a standard curve that was 1 9 2 prepared using glycogen. coupled to mass spectrometry) were similar to those described by Heydari and Izadi (2014). After the homogenization of individual larvae in 1.5 ml of 80% ethanol and centrifugation (twice ppm. Trehalose, sorbitol, myo-inositol and glucose were analyzed by HPLC (Knauer, Berlin, Ireland). In total two separate experiments were done to study cold tolerance: (1) an acute cold-tolerance 2 1 0 assay at subzero temperature for 1 h, and (2) an experiment measuring cold-tolerance at -5, -10, - chamber, whose temperature was lowered slowly (0.5°C min -1 ) from experimental conditions to 2 1 8 the desired treatment temperature (-5, -10, -15 and -20 ± 0.5°C) and held at each temperature for Our results showed that in all the regimes as well as in the control, the concentration of Na + 2 4 8 decreased, whereas the concentration of K + increased with an increase in exposure time of the 2 4 9 larvae at -10 ºC (Fig 2) . In all the regimes, at the beginning time of exposure (0 h at -10 ºC) exposure at -10 ºC, the highest and lowest levels of Na + and K + were recorded for control and CA 2 5 5 treatment, respectively. In addition, at the highest levels, the concentration of Na + was about four 2 5 6 times more that of K + .
5 7
Effects of thermal regimes on carbohydrate contents 2 5 8
Glycogen content in control larvae with 34.4 µg/gdw was at the highest level and reached the 2 5 9 lowest level of 23.0 in CA larvae. No significant differences were observed between glycogen 2 6 0 contents in FTT, RCH, and control (Table 1) . Trehalose and myo-inositol were found to be the content. The highest and lowest contents of trehalose and myo-inositol were observed in CA 2 6 4 (16.5 µg/gdw) and control (9.9 µg/gdw), respectively. No significant differences were observed 2 6 5 in sorbitol contents between control and different thermal regimes. The highest and lowest 2 6 6 glucose contents were observed in control (0.49 µg/gdw) and CA (0.14 µg/gdw), respectively. Our results also showed a profound effect of CA on the LT 80 value of the larvae (Fig 3) . LT 80 s of 2 7 2 the larvae at control, RCH, FTT and CA regimes were calculated as 11, -14, -19 and -21 ºC, 2 7 3 respectively. In CA larvae, the temperature required for 80% mortality decreased about 10 ºC 2 7 4 compared with control larvae. In addition, the temperature necessary for the beginning of 2 7 5 mortality in CA regime was 10 ºC lower than that of control. In all the regimes, the survival rate 2 7 6 of the larvae decreased with a decrease in the temperature and increase in the exposure time. Cold acclimated larvae showed the highest cold hardiness in the -15 and -20 ºC. In control, 2 7 8 RCH, FTT, and CA larval mortality was begun at -20, -25, -27 and -30 ºC, respectively. glycogen, sugar, and lipid metabolism) and cellular targets. This enzyme can be regulated by hormones and cytokines (Hardie, 2010) . Our findings showed that APK is a predominant signal 
